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Background and Purpose Sleep-disordered breathing (SDB) is suggested to be strongly as- 
sociated with ischemic strokes. Risk factors, stroke subtypes, stroke lesion distribution, and the 
outcome of SDB in stroke patients remain unclear in Korea. 

Methods We prospectively studied 293 patients (159 men, 134 women; age 68.4±10.5) with 
acute ischemic stroke. Cardiovascular risk factors, stroke severity, sleep-related stroke onset, 
distribution of stroke lesions, and 3-month score on the modified Rankin Scale (mRS) were as- 
sessed. Stroke severity was assessed by the US National Institutes of Health Stroke Scale (NI- 
HSS) and the mRS. The apnea-hypopnea index (AHI) was determined 6.3±2.2 days after 
stroke onset with the Apnea Link portable sleep apnea monitoring device. 

Results The prevalence of SDB (defined as an AHI of >10) was 63.1% (111 men, 74 wom- 
en). Those in the SDB group were older, had higher NIHSS and mRS scores, greater bulbar 
weakness, and a higher incidence of sleep-associated stroke onset. Among risk-factor profiles, 
alcohol consumption and atrial fibrillation were significantly related to SDB. The stroke out- 
come was worse in patients with SDB than in those without SDB. The lesion location and spe- 
cific stroke syndrome were not correlated with SDB. 

Conclusions SDB is very common in acute cerebral infarction. Different risk-factor profiles 
and sleep-related stroke onsets suggest SDB as a cause of ischemic stroke. The higher NIHSS 
score and greater bulbar involvement in the SDB group seem to show the influence of ischemic 
stroke on the increased SDB prevalence. J Clin Neurol 2013;9:9-13 
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Introduction 

Sleep-disordered breathing (SDB) is a well-known disorder 
characterized by recurrent episodes of nocturnal hypoxemia 
and resultant sympathetic activation and cardiovascular dis- 
tress. Untreated obstructive sleep apnea syndrome (OSAS), the 
most prominent manifestation of SDB, is associated with many 
disease states, including arterial hypertension, diabetes, obesi- 
ty, coronary heart disease, cardiac arrhythmia, and even sudden 
death.' These diseases are also risk factors ischemic stroke. 
There have been many observatory reports of a high preva- 
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lence of SDB in acute stroke with 6080% of the patients with 
stroke and transient ischemic attack (TLA) reportedly showing 
sleep apnea. 22 ' 

The mechanisms linking SDB with stroke are complex, and 
include hemodynamic, neural, metabolic, endothelial, coagula- 
tory, and inflammatory changes secondary to respiratory events 
and recurrent hypoxemia. 4 However, the very high prevalence 
of SDB suggests that stroke also aggravates or even causes 
SDB "de novo". 

This study evaluated the influence of SDB on acute ischemic 
stroke and also the effect of stroke-related neurologic deficits 
on SDB. The influence of SDB may be reflected as a difference 
of risk-factor profiles in stroke patients with SDB and as sleep- 
related stroke onset (SRSO) and its effect on stroke recovery. 
The effect of stroke on SDB can be addressed by considering 
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three questions: 1) is any specific brain region involved in stro- 
ke patients with SDB, 2) does pharyngeal muscle weakness 
contribute to the aggravation or provocation of SDB, 3) is 
stroke severity or infarct size proportional to the degree of 
SDB? 

Methods 

Subjects 

Consecutive patients (aged 40 to 90 years) admitted to the De- 
partment of Neurology, Chosun University Hospital for acute 
cerebral infarction within 72 hours of stroke onset were en- 
rolled in the present study. Patients whose neurologic deficits 
disappeared within 24 hours and those without an MRI -con- 
firmed lesion were not included. Patients with any of the fol- 
lowing were also excluded: 1) a decreased level of conscious- 
ness on admission, 2) a baseline oxygen saturation value of 
<90%, 3) any acute or chronic cardiopulmonary diseases that 
disturb pulmonary function, 4) a neuromuscular-junction dis- 
order (e.g., myasthenia gravis), or 5) a neurodegenerative dis- 
order, such as Parkinson's disease, spinocerebellar degenera- 
tion, Alzheimer's disease, or motor neuron disease. 

Clinical evaluation of stroke 

All subjects were questioned regarding their history of vascu- 
lar risk factors, such as hypertension, diabetes, alcohol con- 
sumption, and cigarette smoking. Their admission blood pres- 
sures, complete blood counts, fasting glucose level, HbAlc 
level, and lipid profile were determined. The body mass index 
was calculated as weight (kilograms)/[height (meters)] 2 for all 
subjects. All subjects were subject to EKG, blood pressure, and 
peripheral oxygen saturation monitoring within the stroke unit 
for more than 3 days. SRSO was diagnosed in patients who 
first noticed neurological symptoms upon awakening. Stroke 
subtypes were classified according to TOAST criteria. 22 The 
location of stroke lesions was classified as left, right, or bilat- 
eral, and hemispheric, cortical, subcortical, brainstem, or cere- 
bellar. On admission, neurological impairment was evaluated 
using the US National Institutes of Health Stroke Scale (NI- 
HSS), and functional disability was assessed using the modi- 
fied Rankin Scale (mRS). Dysphagia was considered in the oc- 
currence of any of the following conditions after stroke: mani- 
fest incapacity to swallow solids or liquids oral dribbling after 
administering 10 mL of water or repetitive coughing or an ab- 
sence of laryngeal movement on swallowing. Short-term stroke 
recovery was assessed by the 3-month mRS score. 23 

Evaluation of sleep-disordered breathing 

SDB was measured around the 7th day after stroke onset using 
the Apnea Link device (Resmed, Australia). This time delay 



was used since the patients were then more stable and less dis- 
turbed by medical management than during the acute period. 
Apnea Link is a three-channel, portable device that use a nasal 
pressure transducer to measure the apnea-hypopnea index 
(AHI), flow limitations, and snoring, in addition to monitoring 
oxygen saturation during sleep and the pulse rate. Patients with 
a recorded sleep time of less than 120 minutes were excluded 
from the study. Apnea and hypopnea were defined as decreas- 
es in airflow by 80% and 50% relative to baseline for at least 
10 seconds, respectively. The AHI values used for the analysis 
were automatically calculated by Apnea Link software. SDB 
was defined as an AHI of > 1 0. 

Statistical analysis 

Statistical analyses were performed using SPSS version 17.0 
for Windows (SPSS, Chicago, IL, USA). Categorical and con- 
tinuous data were analyzed using the % 2 test and the indepen- 
dent t test, respectively. Multiple logistic regression analysis 
was used to identify variables that were independently correlat- 
ed with SDB. Results are presented as mean±SD values or ad- 
justed odds ratios and corresponding 95% confidence intervals. 
Probability values ofp<0.05 were taken to indicate statistical 
significance. 

Results 

Two hundred and ninety -three patients were finally enrolled. 
They comprised 159 men and 134 women aged 68.4±10.5 
years (mean±SD, range 4090 years). Subtypes of stroke were 
large -artery atherosclerosis in 97 patients, lacune in 46, cardio- 
embolism in 82, stroke of other determined etiology in 2, and 
stroke of undetermined etiology in 66. The time between sleep 
recording and sleep onset was 6.3±2.2 days. The overall prev- 
alence of SDB was 63.1% (185 of 293; 111 men, 74 women). 
The prevalence of moderate to severe SDB (AHI >20) was 
34.5%. 

The following demographic and risk factor findings differed 
significantly between patients with and without SDB: age, sex, 
alcohol consumption, habitual smoking, and atrial fibrillation 
(AF). Table 1 indicates that the patients with SDB were older 
and tended to be male, but there were no differences in body 
mass index, hypertension, diabetes, or hyperlipidemia. 

The average blood oxygen saturation value did not differ 
significantly between those without SDB (95.07±2.01 mg/L) 
and those with SDB (94.90±2.12 mg/L): the corresponding 
minimum blood oxygen saturation values were 88.56±3.94 
and 85.55±4.74 mg/L, respectively (p<0.001). There was no 
significant correlation between minimum blood oxygen satu- 
ration value and NIHSS score (#=0.070). 

The clinical factors that significantly affected acute cerebral 
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infarction with SDB were SRSO, stroke severity, functional 
disability, involvement of dysphagia, and short-term outcome 
(i.e., mRS after 3 months) (Table 2). Severe neurologic and 
functional deficits, especially involving dysphagia, seemed to 
predispose the patients to sleep apnea. To analyze the influence 
of SDB on functional recovery, we compared the difference in 
the mRS between at discharge and 3 months after stroke onset 
(AmRS: mRS at discharge minus mRS after 3 months). AmRS 

Table 1. Risk factor profiles in patients with and without sleep- 
disordered breathing (SDB) 



Risk factor 


Patients 
with SDB 


Patients 
without SDB 


P 


Age (years) 


70.29±9.64 


65.2411 1.32 


O.01 


Sex, male : female 


1 1 1 : 74 


48 : 60 


0.01 


BMI (kg/m 2 ) 


23.70±3.23 


23.58±2.89 


0.75 


HTN (%) 


173/185 (93.5) 


100/108 (92.6) 


0.81 


DM (%) 


76/185 (41.1) 


40/108 (37.0) 


0.73 


Alcohol (%) 


64/185 (34.6) 


24/108 (22.2) 


0.03 


Smoking (%) 


48/185 (25.9) 


24/108 (14.8) 


0.02 


AF (%) 


56/185 (30.3) 


18/108 (16.7) 


0.01 


Hyperlipidemia (%) 


34/185 (18.4) 


19/108 (17.6) 


1.00 


AF: atrial fibrillation, BMI: body mass index, DM: diabetes melli- 


tus, HTN: hypertension. 






Table 2. Neurologic severities and clinical outcomes in patients 


with and without SDB 










Patients 


Patients 






with SDB 


without SDB 


P 


NIHSS score at 


7.65±6.71 


4.9414.95 


<0.01 


admission 








% SRSO (%) 


89/185 (48.1) 


34/108 (31.4) 


<0.01 


Dysphagia (%) 


72/185 (38.9) 


27/108 (25) 


0.01 


mRS score at 


2.46±1.81 


1.9111.50 


<0.01 


discharge 








mRS score after 


1.68±1.89 


1.18+1.65 


0.05 



3 months 
AmRS 



0.79+1.49 



0.73+1.22 0.33 



mRS: modified Rankin Scale, NIHSS: National Institutes of Health 
Stroke Scale, SDB: sleep-disordered breathing, SRSO: sleep-re- 
lated stroke onset, AmRS: difference in mRS scores at discharge 
and after 3 months. 



was not significantly associated with SDB (/?=0.33) and also 
did not differ between patients without SDB and patients with 
severe SDB (AHI >30,/?=0.37). 

The location and size of the infarct were also examined. 
There were no differences between huge hemispheric and 
small subcortical infarctions. Bilateral involvement was the 
only significant positive predictor (Table 3). AHI did not differ 
between the groups. 

We used multiple linear regression analysis to identify the 
most plausible predictors of SDB. Smoking (OR=2.743, p= 
0.011), age (OR=1.072,p=0.000), sex (OR=2.449, /?=0.003), 
and NIHSS score (OR=1.076, p=0.003) were found to inde- 
pendently predict SDB in patients (Table 4). 

Discussion 

Several prospective cohort studies have found OSAS to be an 
independent predictor of stroke, with the risk of stroke, TLA, 
and death typically being between two- and fourfold higher 
than in normal controls (OR=1.97-4.48). 24 " 27 The prevalence of 
SDB is much higher after stroke than in the normal popula- 
tion. Dozens of articles report that the prevalence of SDB (AHI 
>10) combined with stroke is around 60% (range 44-77%), 
compared with about 20% in age-matched controls (12-3 2%). 2 " 21 



Table 4. Multiple logistic regression analysis for prediction of SDB 
after cerebral infarction 



Risk factor 



Wald 
statistic 



Odds 
ratio 



95% 
confidence 
interval 



Smoking 

SRSO 

Age 

BMI 

Sex 

NIHSS score 



1.009 
0.542 
0.069 
0.089 
0.896 
0.073 



6.466 
3.670 
21.939 
3.634 
8.946 
8.650 



0.01 1 
0.055 
0.000 
0.057 
0.003 
0.003 



2.743 
1.719 
1.072 
1.093 
2.449 
1.076 



1 .260-5.970 
0.988-2.992 
1.041-1.103 
0.997-1.198 
1 .362-4.406 
1.025-1.129 



BMI: body mass index, NIHSS: National Institutes of Health Stroke 
Scale, SDB: sleep-disordered breathing, SRSO: sleep-related 
stroke onset. 



Table 3. Stroke lesion locations in patients with and without SDB 



Location 


Number 


AHI 


Patients with SDB 


Patients without SDB 


P 


Right lesion 


135 


18.85+15.62 


89/185 (48.1%) 


46/108 (42.6%) 


0.69 


Left lesion 


139 


17.89+17.1 1 


80/185 (43.2%) 


59/108 (54.6%) 


0.39 


Bilateral lesion 


19 


26.00+19.43 


16/185 (8.6%) 


3/108 (2.8%) 


0.05* 


Hemispheric lesion 


19 


18.32+19.94 


13/185 (7.0%) 


6/108 (5.6%) 




Cortical lesion 


154 


18.86+16.08 


102/185 (55.1%) 


52/108 (48.1%) 




Subcortical lesion 


50 


17.56+17.12 


26/185 (14.1%) 


24/108 (22.2%) 


0.28 


Brainstem lesion 


39 


19.82+15.59 


27/185 (14.6%) 


12/108 (11.1%) 




Cerebellar lesion 


31 


19.94+20.49 


17/185 (9.2%) 


14/108 (13.0%) 





*p value between bilateral and other lesions. 

AHI: apnea-hypopnea index, SDB: sleep-disordered breathing. 
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In our study the rate was 63.1. Factors that influence the prev- 
alence include 1) when the measurement is made 2) whether 
or not patients with TIA are included 3) AHI criteria used to di- 
agnose SDB, and 4) whether full nocturnal polysomnography 
or a simplified portable device is used for diagnosis. We per- 
formed our sleep study at 6.3±2.2 days after stroke onset using 
a simplified portable protocol that exclude TIA patients. We 
chose 17 articles reporting the prevalence of SDB, 2 " 5 - 7 "' 719 " 2 ' in 
which the sleep measurements were made within 24, 48, or 72 
hours, within 1 or 2 weeks, and around 1 or 3 months after 
stroke onset. These can be grouped into hyperacute (<3 days), 
acute (1-2 weeks), and subacute (1-3 months) periods, whose 
mean prevalence rates of SDB were 59% (range 51-71%), 57% 
(50-67%), and 59% (44-71%), respectively. However, Parra et 
al. 3 reported that the prevalence of SDB was 71% in the acute 
stage and 62% in the subacute stage. Hui et al." and Bassetti 
et al. 4 stated that the incidence of AHI was 20-40% lower in 
the subacute stage than in the acute stage, with no difference 
in the prevalence of SDB between stroke patients including 
and excluding TIA (58.9% vs. 59.2%). Over 80% of the reports 
related to the prevalence adopted an AHI of >10 as the diag- 
nostic criterion for SDB. 2 " 21 Only one-sixth of reports have 
used full nighttime polysomnography as a diagnostic tool, and 
their reported prevalence rates did not differ from those ob- 
tained using a portable device. We used the Apnea Link de- 
vice, which recent studies have found to have a sensitivity of 
82.1-100% and a specificity of 83.9-87.5% at AHI >10 in 
comparison with standard polysomnography. 28,29 

Our study found different risk-factor profiles in patients with 
SDB. Univariate analysis showed older age, male sex, alcohol 
consumption, cigarette smoking, and AF as meaningful factors 
for SDB. Garni et al. 30 found that the proportion of patients 
with OSAS was significantly higher in their AF group than in 
their general cardiology group (49% vs. 32%, /?=0.0004). We 
thought that a higher proportion of AF in patients with SDB 
would result from the combination of the underlying SDB and 
being older (mean age 70.29 vs. 65.24 years) than patients 
without OSAS. However, cardioembolic infarctions were not 
significantly increased in patients with SDB. 

We wondered if any particular lesion in the brain would 
evoke or aggravate SDB. This has not been reported previous- 
ly, but negative result could be due to the relatively small num- 
ber of subjects included. Nearly 300 patients with sufficient le- 
sion types were enrolled, but no locations specific to SDB were 
found. The size of the stroke lesion also appeared to be unrelat- 
ed. The AHI did not differ between large hemispheric lesions 
(18.32±19.94) and small subcortical lesions (17.56±17.12) or 
brainstem lesions (19.82± 15.59). One-way ANOVA analysis 
of these AHIs revealed no significant relationships (p=0.965). 
Clinical manifestations of ischemic stroke were found to be 



very important in our study. SRSO, severe neurologic deficits, 
functional disability at the acute and subacute stages, and in- 
volvement of dysphasia were all statistically significant. These 
findings suggest that poor neurologic function is responsible 
for the increased prevalence of SDB. Improvement in AHI at 
the subacute stage may be related to neurologic and function- 
al recoveries, insensitivity 

Our study did not find any negative influence of SDB on the 
functional recovery. This negative result may be due to of the 
mRS; more sensitive scales such as the Functional Indepen- 
dence Measure score introduced by Kaneko et al. 31 would be 
more useful. There are several reports of the beneficial prog- 
nostic effects of nasal continuous-positive -airflow-pressure 
therapy. 

Multivariate analysis revealed age, sex, and stroke severity 
(NIHSS score) as positive predictors of SDB. Excluding age 
and sex, which are universal contributors to SDB, leaves the 
NIHSS score as the only factor. This suggests that stroke has a 
role in the genesis of SDB. 

Our study was subject to several limitations. The use of a por- 
table monitoring device with a nasal pressure transducer tends 
to overestimate AHI. Since portable device without EEG re- 
cordings cannot differentiate between waking and sleep stages, 
it may underestimate respiratory events because the waking 
stage can be included in the total sleep time. Overall the re- 
sults from a portable monitoring device are similar to but less 
accurate than those of routine polysomnography. The second 
main limitation of our study is that age and sex were not con- 
trolled. The prominence of both of these factors could mean 
that they obscure the effects of other factors. 
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